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(57) A transparent electro-conductive structure 
comprising a trsuisparent substrate and formed succes- 
sively thereon a transparent electro-conductive l^er 
and a transparent coat layer, which is used in, e.g., front 
panels of display devices such as CRTs. The transpar- 
ent electro-conductive layer is composed chiefly of i) 
noble-metal-coated fine silver particles having an aver- 
age particle diameter of from 1 nm to 100 nm. the fine 
silver particles being surface-coated with gold or plati- 
num alone or a composite of gold and platinum, and ii) 
a binder matrix. 

A transparent electro-conductive layer forming 
coating fluid used in the production of this transparent 
conductive structure comprises a solvent and noble- 
metal-coated fine silver particles dispersed in the sol- 
vent and having an average particle diameter of from 1 
nm to 100 nm, the fine silver particles t>eing surface- 
coated with gold or platinum alone or a conposite of 
gold and platinum. 
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Description 

BACKGRQlJNp OF TUi= INVENTiONf 

5 1 . Field of the Invention 
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panels of dteplay dJc^^^^^^^" T T ^ ^"^^'^ 'aver. which is used in. e.g.. front 
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of office information instrumente ^ "noommon to do office works all day while facing display devices 

to be free from attraction of cfuTaS^^^.f i^cTiftHE^^ ^"k''"* ^^'^^^^ ^ 
over, in addition to these, any ill influei^oW^^rZi!! if^i charging on CRT surfaces, iwlore- 

CRTs is recently vvorried ^ul a^d ifS^SS^T^^? electromagnetic waves generated from 
roflOdi Tho JL^ZJZl ^ ana HIS aesired for such electromagnetic waves not to leak outside 

ductive layer on the front-glass surface of a CRT prevented l>y forming a transparent electnwon- 

l^r. y-irprrrT^rcSLSXSg'S^^ countermeasures taken 

a much higher conductivity than any coSSS i^^t^T^ ^ ^^'*'^'^"^^ ^^^^ '^'^ to have 

cally. a 'ayerwithasurfocTresSS^Sro^^^ptSJ^is^SJI: T"^'*^^''^' '"'^^ 
eleclrostatic charging. However in oider to we^ntif^^f ^^^^ sufficient for the purpose of preventing 

essary to form at leS a ^^rL^JL^ iL fl"' f '^'^ ^'^^ shiekSng). it is ne<> 

preferably 103 ohmSrCS^rTeSr^"^^^ 

KterTa mS.2Z2."^in : ? ^ ""til now. In 

electro^onductive layer foanTg SSio SSj^^^I^^** " ^'"c'^ « tmnsparent 

an inorganic binder ^ch asTaSSlJ^L is i^,"^ T*"^ ''"^ partides in a solvent togethlpwith 

a temperature of 200'C or b2^^ « Bl^s for a CRT. followed by drying and then baking at 

tfon). sputtering or S^ike. and^^StS wSu^l^tl^ empkymg vacuum evaporation (vacuum deposl- 
shielding that can be applied to CRT^ P'«*"'*o" cost Thus, it is a method very advantageous as electrlc4leid 

resistance of as high as 10* to Xmt^^^^^^^'*^- '""^ has a surface 

to sufficiently shieS the iJSg eleSZ S^J^ '^^"""^ "-^e^ 

high coirespondingly. Meanwhile J tt^Lc^crf a t^r«^^^^^^^ tf^'T ^ « ^^^^ 

of a metal powder^ the con^^nT^^Z^Il^^f^'^T'^ "^^^^ "^^"^ "«Wnfl ^ 

case of the coating fluid n«king^rj7TO^^'^^^^ ""^^^ transmittanoe than in the 

Accoidingly. such a coating fluW whSi nil^ mr^J^f^ T °* '"^ ^0 » *"> P* We can be formed, 
sidered t^ ^me prSSSg iSSe """««^y. '8 advantageous in cost and Is con- 

S in rSnr K'Sp-Sir^^^^^^^ -ting f ,u« are. as dis- 

goW. platinum, rhodium andwlladium vSS^v htl S^-^" *° ^uch as silver, 

other than noble metals as eSSSC^ Sl^?<^S'2l" J'S '^"^^^ " '^^'^^s « -"^tal 
facesof.chf.eme.parti.e^n.helosphr^t'Ji^^Sra^- 
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ent electro-conductive layer. 

[0011] From another aspect, in order to make display screens easy to watch, anti-glare treatment is made to the sur- 
faces of face panels so that the screens can be restrained from reflecting light. This anti-glare treatment can be made 
by a method in which a finely rough surface is provided to make diffused reflection on the surface greater. This method, 

5 however, can not t^e said to be preferable very much because its employment may bring about a low resolution, result- 
ing in a low picture quality. Accordingly, it is preferable to make the anti-glare treatment by an interference method in 
which the refractive index and layer thickness of a transparent film is so controlled that the reflected light may rather 
interfere destructively with the incident light. In order to attain the effect of low reflection by such an Interference method, 
it is common to employ a film of double-layer structure formed of a high-refractive-index film and a low-refractive-rndex 

10 film each having an optical layer thickness set at 1/4 and 1/4 X, or 1/2 X and 1/4 X. respectively (V. wavelength). The 
film formed of fine particles of indium tin oxide (ITO) as mentioned above is also used as a high-refractive-index film of 
this type. 

[0012] in metals, among parameters constituting an optical constants n-ik (n: refractive index; i^ = -1; k: extinction 
coefficient), the value of n is small biA the value of k is extremely greater than that in ITO, and hence, also when the 
15 transparent electro-conductive layer formed of fine metal particles is used, the effect of low reflection that is attributable 
to the interference of light can be attained by the double-layer structure as in the case of ITO (a high-refractive-index 
film). 

[0013] Now, as stated above, fine metal particles used in the conventionial transparent electro-conductive layer form- 
ing coating fluid are limited to noble metals such as silver, gold, platinum, rhodium and palladium. To compare electrical 
20 resistance of these, platinum, rhodium and palladium have a resistivity of 10.6. 5.1 and 10.8 • cm, respectively, 
which are higher than 1.62 and 2.2 • cm of silver and gold, respectively Hence, it has been advantageous to use 
fine silver particles or fine gold particles in order to form a transparent electro-conductive layer having a low surface 
resistance. 

[0014] The use of fine silver particles, however, may cause a great deterioration due to sutf idation or contact with brine 
25 to cause a problem on weatherability. On the other hand, the use of fine gold particles can eliminate the prok>lem on 
weatherability but has had a problem on cost as in the case when fine platinum particles, fine rhodium parttoies or fine 
palladium particles are used. Moreover, the use of fine gold particles also has a problem that, because the transparent 
electro-conductive layer formed absorbs a part of visible light rays in itself because of the optical properties inherent in 
gold, the film can not be used in the display surfaces of display devices such as CRTs where flat transmitted-light pro- 
da files are required over the whole region of visible light rays. 

SUMMARY OF THE INVENTION 

[001 5] The present invention was made taking note of such problems. Accordingly, an object of the present invention 
35 is to provide a transparent electro-conductive structure having superior weatherability. conductivity and so forth and . 
also achievable of cost reduction in manufacture. 

[001 6] Another object of the present invention is to provide a process for producing a transparent electro-conductive 
structure having superior weatherability. conductivity and so forth. 

[001 7] Still another object of tiie present invention is to provide a transparent electro-conductive layer forming coating 
40 fluid used in the production of a transparent electro-conductive structure having superior weatherability. conductivity 
and so forth. 

[001 8] A further object of tiie present invention is to provtele a process for preparing the transparent electro-conductive 
layer forming coating fluid. 

[0019] More specifically, in the present invention, the transparent electro-conductive structure comprises a transpar- 
45 ent substrate and formed successively thereon a transparent electro-conductive layer and a transparent coat layer, 
wherein; 

the transparent electro-conductive layer is composed chiefly of i) noble-metal-coated fine silver particles having an 
average particle diameter of from 1 nm to 100 nm, the fine silver particles being surface-coated with gold or plati- 
. so num alone or a composite of gold and platinum, and ii) a binder matrix. 

[0020] The process for producing this ta-ansparent electro-conductive structure comprises; 

coating on a transparent substrate a transparent electro-conductive layer forming coating fluid comprising a solvent 
55 and noble-metal-coated fine silver particles dispersed in the solvent and having an average particle diameter of 
from 1 nm to 100 nm. tiie fine silver particles being surface-coated with goM or platinum alone or a composite of 
gold and platinum; and 

coating a transparent coat layer forming coating fluid on the transparent eiecti'o-conductive layer thus formed, fol- 
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electrcHXJTKluctive layer forming coating fluid used in the production of the transparent electro- 
S^rTT ^rf''^,^ noble-metal-coated fine silver particles dispereed in the solvent and hav- 
ing an average particle diameter of from 1 nmto 100 nm,thefine silver particles being surfteeK»ated with ooW or Dlat- 
inum alone or a composite of gold and platinum. wnn gon or piai 

r0022] The process for preparing the transparent electrosnnductive l^er forming coating fluid conprises; 

a noble-metal^oated fine silver particle making step of adding to a colloidal dispersion of fine silver particles 0 a 

l^Z^^.T, * ^ ""l"* ^ ^" P'atinate solution oVii) a reduc- 

LZo t o ^ of mixture of an alkali metal aurate and an alkali metal platinate, to coat gold or platinum 

Sri^^?^l°f-^ ^^""^ °" ^""^ silver particles to obtain a colloidal dispersion 

of noble-metal-coated fine silver particles: "iohwoiwii 

a desalting and concentrating step of subjecting the colloidal dispersion of noble-metal-coated fine sliver particles 
i^il^^ treatment to lower its electrolyte concentration and to concentrating treatment to concentrate Ihe col- 
loidal dispersion, to obtain a concentrated dispersion of noble-metai-coated fine silver particles- and 
l^T^'^a^'^l^V? «"^'*««' dispersion of noble^rwtal-coated fine silver'particles a solvent 
^^^^^"'H , ^1°"* conductive fine oxide particles and an inorganic binder, to obtain the 
transparent electio-conductive layer forming coating fluid. 

[0023] Another process for preparing the transparent electroK»nductive l^er forming coating fluid comprises; 

anoWe-metal-coated fine silver particle making step of adding to a colloidal dispersion of fine silver particles i) at 
le^ one of an alkali metal aurate solution and an alkali metal platinate solution or ID a solutkm of ^re of^ 
"^^'^'^ r*/" P"^*"**- to 90ld or platinum ak»,e or a conpcSe^^oW ^^ablm 

t^en^S^j; 5^^* tijver particles by the aid of displacement reaction caused^ difference iSl^^SZ 
tendency between silver, gold and platinum, to obtain a colloidal disperaion of noWe-metal-coated fine silver parti- 

.o H^tl? T ^"!!?*!""^ ^"'^«*"9 colloidal dispersion of noWe-metal-coated fine silver partteles 
oiS^,!r^ treatment to tower rts electrolyte concentratfon and to concentrating treatment to concentrate the col- 
loidal dispersion, to obtain a concentrated dispersion of noble-metal-coated fine silver particles- and 
a solvent mixing step of adding to the concentrated dispersnn of ncUennetal-coated fine silver'partides a solvent 
t™rl'°S.*^"J!? « ^^"^"ctive fine oxide particles and an inorganic bi^er. to obtain the 
transparent electro-conductive 1^ fbnning coating fluid. « uie 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0024] 

inSU c ;;^esentation showing reflection profles of transparent electro^nductive structures accord- 

ing to Example 1 and Comparative Exanples 1 and 2. aw«iu 

rS^illv^JS' 'fP"^"^ *0W"8 transmission profiles of transparent electro-conductive structures 
according to Example 1 and Comparative Exanple 1 . 

K c * representation showing a reflection profile of a transparent electro-conductive structure accord- 

ing K) c)«rnpie i . 

rS«lL^»^'^'°^'. showing transmission profiles of the transparent electro-conductive structure 

according to Example 1 and a glass substrate which is a constituent member of this structure 

ing Ex^S 2^ representation showing a reflecton profile of a transparent electroK»nductive structure accord- 

rS^lfi'f^i^T!!f*!f°" transmission profiles of the transparent electro-conductive stmoture 

OMwding to Example 2 and a glass substrate which is a constituent member of this structure 

Sg to E^ST" reflection profile of a transparent electro^xjnductive structure acoord- 

rLfrifnn 5?^"^'. T^"*^!^" ^'^"^ transmission profiles of the transparent electroKJonducBve structure 
according to Example 5 and a glass substrate whteh is a constituent member of this structure 

ing to E^SST* showing a reflection profile of a transparent electroK»nductive structure accord- 

Fig. 10 is a graphical representation showing transmission profiles of the transparem electro-conductive stnictura 



EP0911859A1 

according to Example 6 and a glass substrate which is a constftuent memt>er of this structure. 
Fig. 11 is a graphical representation showing reflection profiles of transparent electro-conductive structures accord- 
ing to Example 8 and Comparative Examples 1 and 2. 

Fig. 12 is a graphical representation showing transmission profiles of transparent electro-conductive structures 
5 according to Example 8 and Comparative Example 1 . 

Fig. 13 is a graphical representation showing a reflection profile of a transparent electro-conductive structure 
according to Example 8. 

Fig. 14 is a graphical representation showing transmission profiles of the transparent electro-conductive structure 
according to Example 8 and a glass substrate which is a constituent member of this structure. 
10 Fig. 15 is a graphical representation showing a reflection profile of a transparent electro-conductive structure 
according to Exampje 9. 

Fig. 16 is a graphical representation showing transmission profiles of the transparent electro-conductive structure 
according to Example 9 and a glass sufc)strate which is a constituent menriber of this structure. 
Fig. 17 is a graphical representation showing a reflection profile of a transparent electro-conductive structure 
15 according to Example 1 1 . 

Fig. 18 is a graphical representation showing transmission profiles of the transparent electro-conductive structure 
according to Example 1 1 and a glass substrate which is a constituent member of this structure. 

DESCRIPTION OF THE PREFERRED EMBODiME^lrrS 

20 

[0025] The present invention will be described below in detail. 

[0026] First the present invention is based on the standpoint that gold or platinum is chemically stable and has excel- 
lent weatherability, chemical resistance, oxidation resistance and so forth and hence fine silver particles can be 
improved in chemical stability by coating gold or platinum alone or a composite of gold and platinum on their surfaces. 

2ff As previously stated, platinum has a little higher electrical resistance than silver and gold. However, the gold or platinum 
alone or the composite of gold and platinum is used as coat layers on the surfaces of fine silver particles and hence it 
t>y no means damages tfie good conductivity of the silver. Incidentally, in place of the coating of the fine silver particles 
with the gold or platinum alone or composite of gold and platinum, one may contemplate making silver into an alloy with 
gold or platinum or with gold and platinum to form fine alloy particles. Such a method, however, makes it necessary to 

30 use the gold or platinum alone or the gold and platinum in a high concentration in the whole fine particles, and hence 
requires the gold or platinum or the gold and platinum in a large quantity, leaving a difficulty in view of cost. From the 
foregoing standpoint, in the present invention, noble-metal-coated fine silver particles obtained by coating the gold or 
platinum alone or composite of gokl and platinum on the surfaces of fine silver particles are used so tliat the above 
prok>lems can be solved. 

36 [0027] More specifically, the present invention is a transparent electro-conductive staxicture having a transparent suk>- 
strate and formed successively thereon a transparent electro-conductive layer and a transparent coat layer, character- 
ized in that the transparent electro-conductive layer is composed chiefly of i) noble-metal-coated fine silver particles 
having an average particle diameter of from 1 nm to 100 nm, the fine silver particles being surface-coated with qo\6 or 
platinum alone or a composite of gold and platinum, and ii) a binder matrix. 

40 [0028] The coating of tiie gold or platinum alone or composite of gold and platinum on the surfaces of fine silver par- 
ticles constituting tiie transparent electro-conductive layer brings atx)ut a great improvement in weatherability, chemical 
resistance and so forth because the silver in tiie interiors of the noble-metal-coated f ine silver particles is protected by 
the gold or platinum alone or composite of gold and platinum. 

[0029] For example, when a transparent electro-conductive layer comprised of fine silver particles and a binder nnatrix 
45 composed chiefly of silicon oxide is immersed in 5% brine, chlorine ions in the brine react with the fine silver particles 
of the transparent electi-o-conductive layer to cause a great deterioration in a short time of 1 hour or less and cause 
even film peeling in the transparent electro-conductive layer. However, in tiie case of the transparerrt electio-conductive 
layer in which the noble-metal-coated fine silver particles coated with the gold or platinum alone or a composite of gold 
and platinum are used, the transparent electro-conductive layer causes no change at all even when immersed for 24 
so hours or longer, depending on the coating weight of the gokl or platinum alone or composite of goU and platinum, and 
shows a superior weatherability Also, gold and platinum do not oxidize In the atmosphere, and hence do not cause any 
deterioration of electrical resistance due to oxidation. Thus, tiie transparent electro-conductive layer in which the noble- 
metal-coated fine silver particles are used has a better surface resistance than tiie transparent electro-conductive layer 
in which conventional fine silver particles are used . 
55 [0030] Here, tiie noble-metal-coated fine silver particles are required to have an average particle diameter of from 1 
nm to 100 nm. Noble-metal-coated fine silver particles having an average particle diameter smaller than 1 nm can be 
produced with difficulty, and also tend to aggregate, ttius such particles are not practical. As for tiiose larger than 100 
nm, the transparent elecfaro-conductive layer may have too low a transmittance of vistole light rays, and, even if formed 
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in a small layer thickness to ensure a high transmlttance of visible light rays, the l^er may have too high a surface 
resistance, thus such particles are not practical. Incidentally, the average particle diameter herein used refers to aver- 
age particle diameter of fine particles observed on a transmission electron microscope (TEM). 
[0031] In the noble-metal-coated fine silver particles, the gold or platinum alone or composite of gold and platinum 
may be in a coating weight set within the range of from 5 to 100 parts by weight, and preferably from 10 to 50 parts by 
weight, based on 100 parts by weight of silver. If the gold or platinum alone or composite of gold and platinum is in a 
coating weight less than 5 parts by weight, the protection attributable to coating may be less effective to make tiie 
weatherability a little poor. If on the other hand it is in a coating weight more than 100 parts by weight, a difficulty may 
occur in view of cost 

[0032] For the purpose of improving film transmittance in the transparent electro-conductive layer, conductive fine 
oxide particles of at least one selected from tin odde. antimony tin oxWe and Indium tin oxide may also be added to the 
intenor of the transparent electroK»nductive layer. In this instance, the noWe-metal -coated fine silver particles and con- 
ductive f me oxWe particles in the transparent electro-conductive layer may be in a mixing ratio so set thai tfie conductive 
fine oxide partides are in an amount within the range of from 1 to 200 parts by weight, and preferably from 10 to 100 
parts by weight, based on 1 00 parts by weight of the noWe-metal-coated fine silver particles. If the conductive fine oxide 
particles are mixed in an amount less ttian 1 part by weight, tiie addtion of the conductive fine oxide particles can not 
be effective, and if on ttie other hand in an amount more than 200 parts by weight, ttie transparent electro-conductive 
layer may have too high a resistance to be practical. As in ttie case of the noble-metal-coated fine silver particles the 
conductive fine oxide particles m^ preferably have an average particle diameter of from about 1 nm to about loo'nm. 
[0033] The transparent electro-conductive layer forming coating fluid used to form tiie tiransparent eIectix>-conductive 
layer can be prepared by a process as described below. 

[0034] First, a colloidal dispersion of fine silver particles is made up by a known process [e.g., the Carey-Lea process 
Am. J. Sci.. 37. 47 (1889), Am. J. Sci.. 38 (1889)]. More specifically, a mixed solution of an aqueous iron (10 sulfete solu- 
tion and an aqueous sodium citrate solution are added to an aqueous silver nitrate solution to carry out reaction and 
the resultant sediment is filtered and washed, followed by adcfition off pure water, wrhereby a colloidal dispersion of fine 
silver particles (Ag: 0.1 to 10% by weight) can be made up simply. This colfoidal dispersion of fine silver particles may 
be made up by any metiiod so long as fine silver particles having an average particle diameter of from Inm to 100 nm 
can be dispersed, witiiout any limitation to the above method. To the colloidal dispersion of fine silver particles thus 
obtained, a reducing agent is added and an alkali metal aurate solution or an alkali metal platinate solution is further 
added thereto, or an alkali metal aurate solution and an alkali metal platinate solution are added separately, or a solu- 
tion of mixture of an alkali metal aurate and an alkali metal platinate is added, to thereby coat gold or platinum afone or 
a composite of goW and platinum on ttie surfaces of the fine silver particles. Thus, a colloidal dispersion of nobie-metal- 
coated fine silver particles can be obtained. 

[0035] In tills step of making noWe-metal-coated fine silver particles, a dispersant may optionally be added in a small 
quantity to any one of. or all of, tiie colloidal dispersion of fine silver particles, the alkali metal aurate solution, tiie alkali 
metal platinate solution and the solution of mixture of an alkali metal aurate and an alkali metal platinate. 
[0036] Here, in tiie above step of making noWe-metal-coated fine silver particles, tiie reaction to coat the gold or plat- 
mum alone or composite of goW and platinum on tiie surfaces of fine silver particles takes place because minute and 
fine silver particles are already present in a large quantity in tiie solution at tiie time when gokl or platinum is produced 
as a result of the reduction of an aurate or a platinate. and because the coating proceeds under conditions more advan- 
t^eous in view of energy when gold or platinum grows on the surfaces of fine silver particles serving as nuclei tiian 
when gokJ or platinum makes nudeation (homogeneous nucleation) by itseif. Thus, the presence of minute and fine sil- 
ver particles in a large quantity in ttie solution is prerequisite at the time ¥vhen gold or platinum is produced as a result 
of tiie reduction of an aurate or a platinate. and hence ttie timing at which tiie aurate solution or platinate solution tiie 
aurate solution and platinate solution or tiie solutfon of mixture of ttie aurate and platinate and ttie reducing agent are 
added in ttie colloida! dispersion of fine silver particles in tiie step of making noble-metal-coated fine silver particles may 
preferably be so conti-olled that ttie reducing agent is added at least prior to adding ttie aurate solution or platinate solu- 
tion, tiie aurate solution and platinate solution or tiie solution of mixture of an alkali metal aurate and an alkali metal pla- 
tinate. More specifically, this is because, in the case when ttie reducing agent and tiie aurate solution or platinate 
solution, or ttie reducing agent and tiie aurate solution and platinate solution, or tiie reducing agent and ttie solution of 
mixture of ttie aurate and platinate are added in the colloidal dispersion of fine silver particles in the state ttiey are 
mixed, ttie gold or platinum may be produced as a result of ttie reduction of the aurate or platinate and also the gold or 
platinum may make nucleation (homogeneous nucleation) by itself, at tiie stage where ttie aurate solution or platinate 
solution, ttie aurate solution and platinate solution or the solution of mixture of tiie aurate and platinate is mixed in ttie 
reducing agent, so that the reaction to coat the gold or platinum afone or composite of goW and platinum on ttie surfaces 
of fine silver particles may not take place even when tiie aurate solution and/or platinate solutfon or tiie like and ttie 
reducing agent are added to tiie colloidal dispersion of fine silver particles after ttiey are mixed. 
[0037] As tiie reducing agent, hydrazine N2H4. borohydrates such as sodium borohydrate NaBH4, and formaldehyde 
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may be used, but without limitation to these. Any reducing agents may be used so long as they do not cause aggrega- . 
tion of ultraf ine silver particles when added in the colloidal dispersion of fine silver particles and can reduce the aurate 
and platinate to gold and platinum, respectively. 

[0038] F=or example, the reduction reaction taking place when potassium aurate KAu(OH)4 and potassium platinate 
5 K2Pt(OH)6 are each reduced with hydrazine or sodium borohydrate is represented by the following scheme. 

KAu(OH)4 + 3/4N2H4 Au + KOH + 3H2O + SMNgt 
K2Pt(OH)6 + N2H4 Pt 4. 2KOH + 4H2O + Ngt 

KAu(OH)4 + 3/4NaBH4 Au + KOH + 3/4NaOH + 3/4H3BO3 + S/ZHgT 
10 K2Pt(OH)6 + NaBH4 Pt + 2KOH + NaOH + H3BO3 + 2H2t 

[0039] Here, when sodium borohydrate is used as the reducing agent, the electrolyte produced by reduction reaction . 
is in a high concentration as can be confirmed by the above reaction scheme, and hence the fine particles tend to 
aggregate as wilt be described later. Thus, there is a limit on its quantity when added as the reducing agent, and there 
IS is a disadvantage that a high silver concentration can not be achieved in the colloidal dispersion of fine silver particles 
used. 

[0040] On the other hand, when hydrazine is used as the reducing agent, the electrolyte is less produced as can be 
confirmed by the above reaction scheme, thus the hydrazine is more suited as the reducing agent. 
[0041] Incidentally, if any salts other than the alkali metal aurate and alkali metal platinate as exemplified by chtoro- 
20 auric add HAuCU and c^loroplatinic ackil H2PtCl6, or chtoroaurates such as r'JaAuCl4 and KAuCU and chloroplatinates 
such as Na2PtCl6 and K2PtCl6 are used as materials for coating gold and platinum, the reduction reaction caused fc>y 
hydrazine is represented by the following scheme. 

XAUCI4 + 3/4N2H4 ^ Au + XCI + 3HC1 + 3/4N2t 
25 X2PtCl6 + N2H4 R + 2XCI + 4HCI + Ngt 

pC: H, Na or K) 

[0042] When chloroauric acid and the like are used in this way, not only the electrolyte produced by reduction reaction 
is in a high concentration, but also chlorine ions are produced, and hence react with fine silver particles to form silver 
30 chloride, which is slightly soluble. Thus, it is difficult to use these as materials for forming the transparent electro-con- 
ductive layer according to the present Invention. 

[0043] In the atx>ve process, it is also possible not to use hydrazine and to coat the goki or platinum alone or com- 
posite of gold and platinum by the akl of displacement reaction caused by a difference in ionization tendency fc>etween 
silver, gold and platinum. 

35 [0044] More specifically, the alkali metal aurate solution or alkali metal platinate solution or the alkali metal aurate 
solution and alkali metal platinate solution or the solution of mixture of an alkali metal aurate and an alkali metal plati- 
nate may be added directly to the colloidal dispersion of fine silver particles, whereby the colloidal dispersion of noble- 
metal-coated fine silver particles can be obtained. 

[0045] Incidentally, the reaction to coat gold or platinum is represented by the following scheme. 

40 

3Ag + Au'** 3Ag'*" + Au 
4Ag + Pt**^4Ag* + R 

[0046] The colloidal dispersion of noble-metal-coated fine silver particles thus obtained may thereafter preferably be 
45 subjected to desalting by dialysis, electrodialysis. ion exchange, ultrafiltration or the like to lower the concentration of 
the electrolyte in the dispersion. This is because colloids may commonly aggregate when electrolytes are In a high con- 
centration. This phenomenon is known also as the Schultz-Hardy's rule. For the same reasons, in the case when the 
conductive fine oxide particles of one selected from tin oxide, antimony tin oxide and indium tin oxide are mixed in the 
colloidal dispersion of noble-metal-coated fine silver particles or the transpiarerTt electro-conductive layer forming coat- 
so ing fluid, such conductive fine oxide particles or a cfispersion thereof may also preferatily be desalted beforehand thor- 
oughly. 

[0047] Next, the colloidal dispersion of noble-metal-coated fine silver particles which has been subjected to desalting 
treatment is concentrated to obtain a concentrated dispersion of noble-metal-coated fine silver particles. Then, to this 
concentrated dispersion of noble-metai-coated fine silver particles, an organic solvent alone or an organic solvent con- 
55 taining at least one of conductive fine oxide particles and an inorganic binder is added to make component adjustment 
(e.g., fine-particle concentration, water concentration). Thus, the transparent electro-conductive layer forming coating 
fluid is obtained. 

[0048] When ultrafiltration is employed as a desalting method, this ultrafiltration also acts as concentrating treatment 
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as will be described later, and hence it is also possible to carry out the desalting treatment and the concentrating treat- 
ment simultaneously. Accordingly, with regard to the desalting treatment and concentrating treatment of the colloidal 
dispereion in which the noUe-metal-coated fine silver particles stand dispersed, their order may be set as desired 
depending on the manner of treatment to be employed. The desalting treatment and concentrating treatment mav be 
made simultaneously when ultrafiltFation or the like is enployed. 

[01)49] In the present invention, the fact that the gold or platinum alone or convnsite of gold and platinum is coated 
on the surfaces of fine silver parlicies is founded by technical confirmation made by obsenation of particles on a trans- 
mi^ electaon microscope (TEM) and analysis of components (EDX: energy dispersive X-iay analyzer), being made 
on that any dianges in particle diameter are little seen before and after the coating of the gold or ptetinum alone or com- 
posite of gold and platinum and that the gold or platinum alone or composite of gold and platinum is distributed uni- 
formly on each partcle, and also coordination number (the number of coordination) of the gold or platinum alone or 
SS^ISf"® ^ platinum, examined by EXAFS (extended X-ray absorption fine structure) analysis 
[0050] With r^ard to the form in which the composite of gold and platinum covers the fine silver particles various 
forms are possible depending on differences coming from whether the aurate solution and the platinate soliirtion are 
used or the solution of mixture of the aurate and platinate in the step of coating the composite of gold and ptetinum (i e 
ttie ncble-metal-coated fine silver particle making step) or depending on differences in the timing of mixing these sdu- 
ftons and iri the concentration of the aurate and platinate. More specifically, depending on the differences in these con- 
ditions, vanous forms are possible such that the gold covers the fine silver particles on their whole surfaces or in part 
and the platnum further covers them on the whole surfaces, or conversely the platinum covers the fine silver particles 
on the whrte surfaces or in part and the gold further covers them on the whole surfaces, or the platinum and goM stand- 
ing each alone without overlapping each other, or in the form of an altoy. cover the fine silver partides on their whole 
surfacGS. 

W051] The treatment to concentrate the colloidal dispersion of noble-metal-coated fine silver particles can be made 
by anyof conventional mettiods such as reduced pressure evaporation and ultrafiltration. Also, the transparent electro- 
conductive layer forming coating fluid may preferably have a water concertiation of from 1 to 20% by weight If it has a 
water concentration more than 20% by weight, in some cases tiie transparent electro-conductive layer forming coating 
fluid tends to cause dssing due to a high surface tension of water in the couree of drying afterit has been coated on the 
transparent substrate. 

[0052] The problem of cissing can be solved by adding a surface-active agent in the transparent electro-conductive 
layer forming coating fluid. However, there may arise another problem that the mixing of the surface-active agent tends 
to cause faulty ooahng. Thus. It is preferable for the transparent electro-conductive fayer forming coating fluid to have a 
water concentration of from 1 to 20% by weight. mm uuiuiwvtsa 

[00531 There are no parficufar limitetions on ttie above organic solvent, which may appropriately selected depending 
on coating methods and film-forming conditions. It may indude, but not limited to, e.g.. ateohol type solvents such as 
methanol ethanol. isopropanol. butenol. benzyl alcohol and diacetone akx>hol. ketone type solvente such as acetone 
methyl ettiyl ketone (MEK), mettiyl isobutyl ketone (I^IBK). cydohexanone and isophorone. glycol derivatives such a^ 
(NMP)^"* '"^ propylene glycd ettyl ettier, dimettiylformamide (DMF). and N-melhyl-2-pyriDlidone 

[OOM] Using the toansparent eledro-conductive fayer fornnng coating flirid thus obtained, ttie transparent eledro-con- 
durtve strudure can be obtained whidi has the transparent substrate and formed thereon the transparent eledro-con- 
ducbw layer composed chiefly of 0 noWennefal-coated fine silver partides having an average partide dfameter of from 
1 nm to 100 nm and ii) a binder mafrix and a fransparent coat layer furttier formed tiiereon 

[0055] A transparent douWe-teyer film constituted of the transparent eledro-condudive layer and the transparent coat 
ayer can be formed on ttie tiansparent substrate by a method described below. That is. the transparent eledroK»nduc- 
tive layer forming coating fluid composed diiefly of the solvent and the noble-melalK»ated fine silver partides having 
an average particle dfameter of from 1 nm to 100 nm is coated on ttie transparent substrate, such as a glass substrate 
ora ptasbc substrate, by a coating process such as spray coating, spin coating, wire bar coating or doctor blade coating 
optionally followed by drying. Thereafter, a tiansparent coat fayer forming coating f yd composed diiefly of. e.g. silica 
sol 6 over-coaled (top-coated) by ttie same coating process as ttie above. 

W056] Next, after ttie overcoating, the coating fornied is heated at a temperature of about e.g.. 50 to ZSO'C to cause 
ttie over-coated transparent coat layer to harden, ttius ttie bansparent double-layer films are formed. Incidentally, ttie 
heating at a temperature of about 50 to 250°C may cause no problem because ttie noble-metal-eoated fine silver par- 
ticlK^are protected by ttie goM or pfatinum alone or composite of gold and pfatinum. H, however, conventional fine silver 
parbd^ are used, ttie surface resistance may increase at a temperature higher ttian 200-C as a result of oxidative dif- 
fusion to cause deterioration of f ims. 

[005^ Here, when the transparent coat layer forming coating fluid composed chiefly of silica sol or ttie like is over- 
comed by ttie above coating process, ttie silica sol thus over-coated (tiiis silica sol turns into a binder matrix conposed 
diiefly of silicon oxide as a result of ttie heating) soaks into gaps between noUe-metal-coated fine silver partides 
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present in the layer formed by the transparent electro-conductive layer forming coating fluid previously coated, com- 
posed chiefly of the solvent and the noble-metal-coated fine silver particles. Thus, an improvement in conductivity, an 
improvement in strength and a more improvement in weatherEdDility can be achieved simultaneously. 

[0058] Moreover, the transparent doubte-layer film structure constituted of the transparent electro-conductive layer 

5 and the trsmsparent coat layer can make the reflectance of the transparent double-layer film greatiy lew, because the 
transparent electro-conductive layer comprising the noble-metal-coated fine silver particles dispersed in the binder 
matrix composed chiefly of silicon oxide has, in its optical constant (n-il^, a refractive index n which is not so great but 
has a great extinction coefficient. Then, as shown in Rg. 1 , in comparison with instances where fine ITO particles (Com- 
parative Exanrple 2) or fine silver particles (Comparative Example 1) are used, the reflectance is improved at a short 

10 wavelength region (380 to 500 nm] of visible light rays when noble-metal-coated fine silver particles coated with gold 
alone (Example 1) is used. Also, the profile of transmitted light of the transparent dout>le-layer film is. as shown in Fig. 
2, also improved at the short wavelength region of visik>le light rays by coating gold alone on tiie fine silver particles. For 
example, in comparison of standard deviation in respect of the transmittance of only a transparent douk)le-layer film, 
excluding the transparent substrate, at each wavelengtii plotted at intervals of 5 nm of a wavelength region (380 to 780 

IS nm) of visible light rays, the standard deviation is about 7% when fine silver particles (Comparative Example 1) are 
used, whereas it is a small value of about 2 to 3% when the noble metal is coated (Examples 1 to 11} on the fine silver 
particles, where very flat transmission profiles are obtained. The reason why the reflection and transmission character- 
istics of these transparent double-layer films are improved is stilt unclear, and is presumed to be a change in surface 
plasmon of fine metal particles that is attributable to the coating of the gold or platinum alone or composite of gold and 

20 platinum on the fine silver particles. 

[0059] Here, as the silica sol, liable are a polymeric product obtained by ackJing water and an acid catalyst to an 
orthoalkyl-silicate to effect hydrolysis followed by dehydration condensation polymerization further made to proceed, or 
a polymeric product obtained by subjecting a commercially availat>le alkyi -silicate solution having already been sub- 
jected to hydrolysis and condensation polymerization made to proceed up to a 4- to 5-mer (teti'amer to pentamer), to 

25 hydrolysis and dehydration condensation polymerization further made to proceed. Since the solution viscosity 
increases with progress of dehydration condensation polymerization to finally make the product solidify, the degree of 
dehydration condensation polymerization may be so controlled as to be not higher than the maximum viscosity at which 
the coating fluid can be coated on the transparent substrate such as a glass substrate or a plastic substrate. The degree 
of dehydration condensation polymerization is not particularly specified so fong as it is kept at a level not higher than 

30 the maximum viscosity, but may preferably be from about 500 to akx>ut 3.000 as weight-average molecular weight, tak- 
ing account of film strength and weatherability. Then, the dehydration condensation polymerization is substantially com- 
pleted at the time the transparent double-layer film is heated and fc)aked, and the alkyl-silicate partially hydrolyzed 
polymeric product turns into a hard silicate film (a film composed chiefly of silicon oxide). To ttie silica sol. fine magne- 
sium fluoride particles, an alumina sol, a titania sol or a zirconia sol may be added so that the refractive index of the 

35 transparent coat layer can be controlled to change the reflectance of the transparent double-layer f Bm. 

[0060] In addition to the solv^ and the noble-metal-coated fine silver particles having an average particle diameter 
of from 1 nm to 100 nm, dispersed in the solvent, a silica sol as an inorganic binder component electro-constituting the 
binder matrix of the transparent electro-conductive layer may also be mixed to make up the transparent electro-conduc- 
tive layer forming coating fluid. In such an instance, too, the transparent electro-conductive layer forming coating fluid 

40 containing the silica sol may be coated, optionally followed by drying, and thereafter the transparent coat layer forming 
coating fluid may be over-coated by the above coating process, thus a similar transparent double-layer f ilm comprised 
of the transparent electi'o-conductive layer and the transparent coat layer can be obtained. For the same reasons as in 
the case of mixing tKie conductive fine oxide particles in the transparent electro-conductive layer forming coating fluid, 
the silica sol to be mixed in the transparent electro-conductive layer forming coating fluid may also preferably be 

45 desalted beforehand thoroughly. 

[0061] As described aix>ve, according to the transparent electro-conductive structure of the present invention, the 
transparent electro-conductive layer of the transparent double-layer film constituted of the transparent electro-conduc- 
tive layer and transparent coat layer formed successively on the transparent substrate is composed chiefly of i) the 
noble-metal-coated fine silver particles having an average particle diameter of from 1 nm to 1 00 nm, the fine silver par- 

50 tides laeing surfece-coated with the gold or platinum alone or composite of gold and platinum, and ii) the binder matrix. 
Hence, compared with conventional transparent electro-conductive structures, it has superior reflection preventive 
effect and transmission profile and also has a good weatherability and a high electa'ic-filed shielding effect. 
[0062] Accordingly, the transparent electro-conductive structure can be used in front panels of display devices such 
as the CRTs previously stated, plasma display panels (PDPs). vacuum fluorescent display (VFD) devices, field emis- 

55 sion display (FED) devices, elecb'o-iuminescence display (ELD) devices and liquid-crystal display (LCD) devices. 

[0063] According to the transparent electro-conductive layer forming coating fluid of the present invention, the coating 
fluid is composed chicly of the solvent and the noble-metal-coated fine silver particles dispersed in tiie solvent and hav- 
ing an average particle diameter of from 1 nm to 1 00 nm. the fine silver particles toeing surfece-coated with the gold or 
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ptaUnum alone or composite of gold and platinum. Hence, it can efiectively Ibmi a transparent double-layer film having 
t^J!!iS'^^U^"^ ^ electric^iled shielding function and also having a good transmission 

prohle at the region Divisible light rays and a good weatherability. compared with transparent electixw»nductive iayera 
formed using conventional transparent electro-conductive layer fbnning coating fluids. 

S!SlrJ^i"^'^' electro-conductive structure usable in front panels of display devices such CRTs. 

Z , ^ ca" be obtained by fbnning the transparent electio^onductive layer by the use of this transpar- 

ent electro-conductive layer forming coating fluid. yu«u68wini6iran5par 

n?^^ J^nSfTiI? ilT"^" ^ detail by giving Examples. The present invention is by 

r^iT^ ^ Examples. In the following. "%" refers to "% by weighT except for "%" of tiansmittance 

reflectance and haze, and "tiartCsr refers to "part(s) by weight". » ^ " iransininance. 

Example 1 

colloictel di^rsion of fine silver particles was made up by the Carey-Lea pracesa Stated specifically, to 33 
g of an aqueous 9% silver nitrate solution, a mixed solution of 39 g of an aqueous 23% iron (II) sulfate solution and 48 

^^J°^^ **** tf'ereafter the sediment formed was filtered and 

°* water to make up a colloidal dispersion of fine silver particles (Ag: 0.45%). To 15 
l?JS «>''«^='f 'W.on of fine silver particles. 0.5 g of an aqueous 1% hydrazine solution was added, and a mixed 
srtubon of 15 g of an aqueous potassium aurate KAu(OH4) solution (Au: 0.1%) and 0.3 g of an aqueous 2% polymeric 

T ^'^'"9 to obtain a colloidal dispersion of noMe-metal-coated fine ^er par- 

ticles coated with gold alone. This colloidal dispersion of noble-metal-coated fkie silver particles was desalted wHhan 
ion-«change resin (available from Mitsubishi Chemical Industries Umited; trade name: DIAION SKIB. SA20AP) fbl- 
.S.^'f ^ concentrated dispersion. To this dispersion, ethanol (EA) and diacetone alcohol (DAA) 
were added to obtain a transparent electrosxxiductlve layer fbrming coating fluid containing noWe-metal-coated fine sil- 
ver partKles (Ag: 0 21 7%; Au: 0.057%; water: 1 1 .8%; EA: 82.9%; DAA: 5.0%). The transp^ent eleclro-coSSvriayer 
forrniiy coaling fluid thus obtained was observed on a transmission electron microscope to reveal that the noUe-metal- 
coated fine silver particles had an average particle diameter of 7.2 nm. 

[0067] Next, the transparent electro-conductive layer forming coating fluid containing the noblesnetaNnated fine sil- 
ver partcl« was spin-coated (1 30 rpm. for 60 seconds) on a glass substrate (soda-lime glass of 3 mm thick) heated to 
Z ai lS-cTJn m!Sf r^^- ^ y^-"^ (130 rpm. for 60 seconds), foltowed by harden- 

Z^^^ ^ P*"^ « transparent double-layer film constituted of a 

S^^f^ o containing the noWe-metal-coated fine silver parttales and a transparent coat layer 

tomied a sdicate film composed chiefly of silk»n oxide. i.e.. a transparent electro-conductive structure according to 

f^l^llf^r' * "^"9 ^^-^ Methyl-silicate 51 (trade name; available from Col- 

co« Co.. Ltd.). 57.8 parts of ethanol. 7.9 parts of an aqueous 1% nitric acid solution and 14.7 parts of pure water to 
obtain one having s„icon oxide) solid content In a concentration of 10%, which was finely diluted a mixture 
of ^opropyl alcohol (IPA) and n-butand (NBA) (IPA/NBA - 3/1) so as to have the SiO^ solid coient in a onceJlS:; 

ESf l^*'!!^!*"^!?^***^®"*'* resistenoe. visble light ray transmlttance. standard deviation of transmittance, 
^^J!^^T^^'!?^T^ wavelength) examined on the transparent double-layer film formed on the glass 
^S^^^l '"J^^ ^ reflectance is meant to be a minimum reflectance in the refl^on 

^^ZT^J^!^'"!^?^,^^'^'^^ ^ ^ '^■^ wavelength a wavelength at the minimum reflect- 

ance^ The ref lecbon profile of the transparent electro-conductive structure accoiding to Exarrijle 1 is shown in Figs 1 
and 3. and its transmission profile in Figs. 2 and 4 together. ««■ »«b ■ e snown in rigs. i 

S^o^nta^JT ^ V " ^ ««"sparenl double-layer film, excluding the transparent 

substrate (glass sub^). at each wavelength plotted at intervals of 5 nm of a wavelength region (MO to 780 nm) of 
visible light rays is determined in the fbUowing way: ' 

Transmittance (%) of only transparent double-layer film, excluding transparent substrate (glass substrate) = 

[(transmittance measured on the whole structure inclusive 
of transparent sub8trate)/(transmittence of transparent substrate)] x 100 

J2l!;i'!rflnHT'lT!i^ ""'^ particularly noted, a value oWained by measuring transmittance of 
SSta ^ n ^"bstrate having the transparent double- 

layer film, meant to be the transparent electro-conductive structure) is used as the transmittance 
[0072] The suilace resistance of the transparent double-layer fOm is measured with a surface resistence meter 
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LORESTA AP (MCP-T400). manuiactured by Mitsubishi Chemical Industries Limited. The value of haze and the visible 
light ray transmittance is measured with a haze meter (HR-200, a reflectance-transmittance n^er) manufactured by 
Murakami Color Research Laboratory, on the whole structure inclusive of the transparent substrate. The reflectance 
and.the reflection and transmission profiles are measured with a spectrophotometer (U-400) manuiactured by Hitachi 
5 Ud. TTie particle diameter of the noble-metal-coated fine silver particles is measured by observing the particles on a 
transmission electron microscope manufoctured by Nippon Denshi K.K. 

Example 2 

10 [0073] Using a colloidal dispersion of fine silver particles which was made up in the same manner as in Example 1, 
the procedure off Example 1 was repeated except tiiat an aqueous 1 .S% hydrazine solution and an aqueous potassium 
aurate solution (Au: 0.15%) were used to obtain a transparent electro-conductive layer forming coating fluid in which 
noble-metal-coated fine silver particles having an average particle diameter of 6.3 nm were dispersed (Ag: 0.221%; Au: 
0.079%; water: 5.0%: EA: 89.7%; DAA: 5.0%) and the silica sol was diluted so as to have the Si02 (silicon oxide) solid 

15 content in a concentration of 0.65%. Thus, a glass substrate provided witii a transparent double-layer film constituted 
of a transparent electro-conductive layer containing the noble-metal-coated fine silver particles and a transparent coat 
layer formed of a silicate film composed chiefly of silicon oxide, i.e., a transparent electro-conductive structure accord- 
ing to Example 2 was obtained. 

[0074] Rim characteristics examined on the transparent double-layer film formed on the glass substrate are shown in 
20 Table 1 below. The reflection profile of the transparent electro-conductive structure according to Example 2 is shown in 
Fig. 5, and its transmission profile in Fig. 6. 

Examples 

25 [0075] Using a colloidal dispersion of fine silver particles which was made up in the same manner as in Example 1 , 
the procedure of Example 1 was repeated except tiiat an aqueous 0.5% hydrazine solution and an aqueous potassium 
aurate solution (Au: 0.05%) were used to obtain a transparent electro-conductive layer forming coating fluid in which 
noble-metal-coated fine silver particles having an average particle diameter of 6.8 nm were dispersed (Ag: 0.24%; Au: 
0.028%; water: 3.7%; EA: 91.0%; DAA: 5.0%) and the silica sol was diluted so as to have the Si02 (silicon oxide) solid 

30 content in a concentration of 0.65%. Thus, a glass substrate provided with a transparent double-layer film constituted 
of a transparent electro-conductive layer containing the noble-metal-coated fine silver particles and a transparent coat 
layer formed of a silicate film composed chiefly of silicon oxide. i.e., a transparent electro-conductive structure accord- 
ing to Example 3 was obtained. 

[0076] Film characteristics examined on the transparent double-layer film formed on tiie glass sut)strate are shown in 
35 Table 1 below. 

Example 4 

[0077] Using a colloidal dispersion of fine silver particles which was made up in the same manner as in Example 1 , 
40 the procedure of Example 1 w^ repeated except that without addition of the reducing agent aqueous hydrazine solu- 
tion, 1 5 g of an aqueous potassium aurate solution (Au: 0.05%) was added with stirring to effect displacement reaction 
between gold and silver to obtain a colloidal dispersion of noble-metal-coated fine silver particles and also obtain a 
transparent electro-conductive layer forming coating fluid in which notrfe-metal-coated fine silver particles having an 
average particle diameter of 6.5 nm were dispersed (Ag: 0.245%; Au: 0.025%; water: 7.6%; EA: 87.1%; DAA: 5.0%). 
45 Thus, a glass sul>stiBte provided with a transparent double-layer film constituted of a transparent electro-conductive 
layer containing tiie noble-metal-coated fine silver particles and a transparent coat layer formed of a silicate film com- 
posed chiefly of silicon oodde, i.e., a transparent electro-conductive structure according to Example 4 was obtained. 
[0078] Rim characteristics examined on the transparent double-layer film formed on tiie glass substrate are shown in 
Table 1 below. 

so 

Example 5 

[0079] Using a colloidal dispersion of fine silver particles which was made up in tiie same manner as in Example 1. 
and using 0.4 g of an aqueous 1% hydrazine solution and an aqueous potassium aurate solution (Au: 0.075%). a dis- 
ss persion of noble-metal-coated fine silver particles having an average particle diameter of 7. 1 nm was obtained. 

[0080] Then, tiie procedure of Example 1 was repeated except tiiat an indium tin oxide (IIO) dispersion obtained by 
using fine ITO particles having an average particle diameter of 0.03 jim (available from Sumitomo Metal Mining Co., 
Ltd.; ti-ade name: SUFP-HX) and by desalting tiiem tiioroughly by ion exchange was added in tiie above dispersion of 



11 



EP0911 859 A1 



iT.tZ'^^^lf /'?^ silver particles to fir»lly obtain a transparent eleclro<»nductive layer terming coating fluid ir, 

TO oTv Ser 9 S^^^ T ""1 dispersed (Ag: 0.294%: Au: a04^; 

water. 9.7%. EA. 84.95%, DAA: 4.9%), a silica sol having a weight-average molecular weioht of 1 920 vua*^ 

S2r^^Hi^r?,STiS^ el^roHX)nductive layer forming coating fluid and the silica sol ««re spin^ra^^ 

oS^f?^^ ^ rpnr. for 60 seconds, followed tv hardening at 210<>C for 20 minutes. Thus, a gle^a^te 
S^^Sf ^^"^P^^^^d^^'^-^yerfilm constituted of a transparent electroH»nductive layer Snifni^tSeSS^ 
SSl^^SI'n" n « 1^ ^ P^'"^ ^"^ « transparent coat layer formed t?a siUcate? m 

SIS^^ ^ !Z ■ ^ ^"^^ elect««onductive structure according to Example 5 was ot^ained^^^ 

SS bSS;1J^22S^",S,Tt***™"'^T^~"^^^^^ '"^"^ °" ^l^te a^e ^own in 



Example 6 



[0082] Using a colloidal dispersion of fine silver particles which was made up in the same manner as in Examnip 1 

?S = ^ P«^'='« Of 7.1 nm was obtained 

S^™ JlfATO ~^'^n ' '"P.^*"^ "^"P* ^" (AID) disperaion obtained 

Ui^l^S^,*^Z^^t'^^^^^ '''^^ °* fr^'" IshiharaSangyo Kalsha. 

ua. iraae name. 5N-100P) and by desalting them thoroughly by ion exchange was added in the above cfimei&ian 

nowe-metal-coated fine silver particles to finally obtain a transparent electr<ionducUve1i^iS,S^LSrfS Tn 

JS- 0 t^Ti'f^^^^^ r ^ dispAST/J^s^t lis; 

Ml v^, u. 1/4% water. 1 1 .0%. EA. 83.58%: DAA: 4.9%). a silica sol having a weight-average molecular weioht of 1 o^n 

SSS3'5%':SL^ anJ.h'^llL''*^^^^^ '^J ^ « clentraSro'^r; S^sSLirate 

o^ SJt ^m^^^ rf^r^ eleotro-oonductive layer forming coating fluid and the silica sol were spln- 
^n^rj^ T rpm for 60 seconds, followed by hardening at 210''C for 20 minutes. Thus, a glai sub- 
strate provided with a transparent double-layer film constituted of a transparent electro-conductive lav»r«»rtarn^„ 



SJ^ocJS^tS Sif 1'^^^'^'°" "'in' ^"^"^ '^'^ "P ^ "wner as in Example 1. 

me procedure of Example 1 was repeated except that 0.4 g of an aqueous 1% hydrazine solution and an aouaous 

° ^^'^ to Obtain a concentrated dispell of niSmeS-SSS^fSSSS 
partdes. a solution containing a tetramer of tetramethyl-silicate (available fiom Colcoat Co. Ltd • traTname M^hX 

f S^i*"nSZS;i^^^ " "^'^ electro.x,nducli^ C teSTg 

oSS ^ ^^^SS^^^^^^ ^ "^^^^ ^'^^^ '^^^^^ 7.0 nm were disperaed (Ag: 
^f^'-ui .i^- 0 02%: water: R78%: EA: 85.85; DAA: 5.0%). a silica sol having a weiaht-averaoe moieorfar 
weight of2^ was used and diluted so as to have the SiO^ (silicon oxide) solid conterSn a S^ST JSS a 
g^ substrate heated to 35-C was used and the transparert electroK»nduclive ^TZSLl^SS^^i^J. 

under conditions of 1 50 rpm for 60 seconds, followed by Llenir^'a^ic £f ^^^^ 
THUS, a glass substrate provided with a transparent double-layer film constituted of a franLareii ele5S,Su^e 
Ssl'Sfirj Tr «"« particles and a transparent coat layel^ZS^a Se"S Si 

^1 f2 IrL^^? • ^ electro<»nductive slmctura according to Example 7 >^TSJZ^ 

Si bSSL*^'^^*^ «^'"«* °" *« t^n^Parent double-layer film formed on the glasssubstrate are shown in 



Example 8 



En JnJLVi ^ * Of 39 g Of an aqueous 23% iron (11) sulfate 

t^ril T,^ kL ^^-^ ^ ^ th^eafterttL^mem ™mS^ fJ 

°* P""* to niake up a colloidal dispersion of fineSr pStele*7/S- 
0.49%). TO 240 g of this colloidal dispersion of fine silver particles. 5 g of an aqu«S 1 % hydrazine 
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• H2O solution was added, and 200 g of an aqueous potassium platinate (IV) K2Pt(OH6) solution (R: 0.06%) was fur- 
ther added with stirring to obtain a colloidal dispersion of nobie-metat-coated fine silver particles coated with platinum 
alone. This colloidal dispersion of noble-metai-coated fine silver particles was subjected repeatedly to the step of con- 
centrating it by ultrafiltration, adding pure water to the resultant concentrated solution and again concentrating it by 
5 ultraflltiBtion. to obtain a desalted concentrated dispersion. To this dispersion, ethanol (EA) and diacetone alcohol 
(DAA) were added to obtain a transparent electro-conductive layer forming coating fluid containing noble-metal-coated 
fine silver particles (Ag: 0.245%; Pt: 0.025%; water: 7.48%; EA: 87.25%; DAA: 5.0%). The transparent electro-conduc- 
tive layer forming coating fluid thus obtained was ofc)served on a transmission electron microscope to reveal that the 
noble-metal-coated fine silver particles had an average partide diameter of 9.2 nm. 

TO [0088] Next, this transparent electro-conductive layer forming coating fluid was spin-coated (1 30 rpm. for 60 seconds) 
on a ^ass sti;>strate (soda-lime glass of 3 mm thick) heated to 40''C. and thereafter subsequently a silica sol was spin- 
coated thereon (130 rpm. for 60 seconds), followed by hardening at 180**C for 20 minutes to obtain a glass substrate 
provided with a transparent dout)le-layer film constituted of a transparent electro-conductive layer containing the noble- 
metal-coated fine silver particles and a transparent coat layer formed of a silicate film composed chiefly of silicon oxide, 

15 i.e., a transparent electro-conductive structure according to Example 8. 

[0089] Here, the above silica sol was made up using 19.6 parts of Methyl-silicate 51 (trade name; available from Col- 
coat Co.. Ltd.), 57.8 parts of ethanol, 7.9 parts of an aqueous 1% nitric acid solution and 14.7 parts of pure water to 
ofc}tain one having Si02 (silicon oxide) solid content in a concentration of 10%. which was finally diluted with a mixture 
of isopropyl alcohol (IPA) and n-butanol (NBA) (IPA/NBA s 3/1) so as to have the SiOg solid content in a concentration 

20. of 0.65%. 

[0090] Film characteristics examined on the transparent double-layer film formed on the glass substrate are shown in 
Table 1 below. The reflection profile of the transparent electro-conductive structure thus produced according to Example 

8 is shown in Rgs. 1 1 and 13, arxi its transmission profile in Figs. 12 and 14 togetiier. 

25 Example 9 

[0091] Using a colloidal dispersion of fine silver particles which was made up in the same manner as in Example 8, 
the procedure of Example 8 was repeated except that 6.3 g of an aqueous 1% hydrazine monohydrate N2H4 • H2O 
solution and a mixed solution of 121 g of an aqueous potassium aurate KAu(OH4) solution (Au: 0.098%) and 121 g of 

30 an aqueous potassium platinate K2Pt(OH6) solution (Ft: 0.065%) were used to obtain a transparent electro-conductive 
layer forming coating fluid in which noble-metal-coated fine silver particles coated with a composite of gold and platinum 
and having an average particle diameter of 1 1 .7 nm were dispersed (Ag: 0.26%; Au: 0.03%; Pt: 0.02%; water: 7.48%; 
EA: 87.2%; DAA: 5.0%). Thus, a glass substrate provided witii a transparent double-layer f ilm constituted of a transpar- 
ent electro-conductive layer containing the noble-metal-coated fine silver particles and a transparent coat layer formed 

35 of a silicate film composed chiefly of silicon oxide, i.e.. a transparent electro-conductive structure according to Example 

9 was obtained. 

[0092] Rim characteristics examined on the transparent double-layer film formed on the glass substrate are shown in 
Table 1 below. The reflection profile of the transparent electro-conductive structure according to Example 9 is shown in 
Fig. 15, arxi its transmission profile in Fig. 16. 

40 

Example 10 

[0093] Using a colloidal dispersion of fine silver particles which was made up In the same manner as in Example 8, 
the procedure of Example 8 was r^eated except that, without addition of the reducing agent aqueous hydrazine sdu- 

45 tion, 203 g of an aqueous potassium platinate K2Pt(OHe) solution (Pt: 0.064%) was added with stinging to effect dis- 
placement reaction between platinum and silver to obtain a transparent electro-conductive layer forming coating fluid in 
which the noble-metai-coated fine silver particles coated with platinum and having an average particle diameter of 9.2 
nm were dispersed (Ag: 0.24%; Pt 0.025%; water: 9.2%; EA: 85.53%; DAA: 5.0%). Thus, a glass substafBte provided 
with a transparent doutsle-layer film constituted of a transparent electro-conductive layer containing the nobie-metal- 

50 coated fine silver particles and a transparent coat layer formed of a silicate film composed chiefly of silicon oxide, i.e., 
a ti'ansparent electro-conductive structure according to Example 10 was obtained. 

[0094] Film characteristics examined on the transparent double-layer film formed on the glass sut)strate are shown in 
Table 1 below. 

55 Example 1 1 

[0095] Using 240g of a colloidal dispersion of fine silver particles (Ag: 0.49%) which was made up in the same manner 
as in Example 8, without addition of the reducing agent aqueous hydrazine solution, 203 g of an aqueous potassium 
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platinate KaPKOHg) solution (Pt: 0.064%) was added with stilting to effect displacement reactioh between platinum and 
silver to obtain a dispersion ot noble^etai-coated fine silver particles coated with platinum and having an average par- 
ticle diameter of 9.2 nm. 

[0096] Then, the procedure of Example 8 was repeated except that an Indium tin oxide (ITO) dispersion obtained by 
using fme ITO particles having an average particle diameter of 0.03 nm (available from Sumitomo Metal Mining Co 
Ltd^ : trade name: SUFP-HX) and by desalting them thoroughly by ion exchange was added in the above dispersion of 
noWe-metal-coated fine silver particles to finally obtain a transparent eiectroKX>nductive layer fbnning coating fluid in 
which the noWe-metal-coated fine silver pvticles and the fine ITO particles waredispersed (Ag: 0.312%- Pf 0 0325%- 
ITO: 0.12%: water: 12.3%: EA: 87.23%: DAA: 0%), a silica sol having a weight-average molecular weight of 1 920 wa^ 
used and diluted so as to have the SiOz (siKcon oxide) solid content in a concentration of 0.8%. a glass substrate heated 
to 35»C was used and the transparent electroK»nductive layer forming coating fluid and the silica sol were spin-coated 
under conditions of 150 rpm for 60 seconds, followed by hardening at 210»C for 20 minutes. Thus, a glass substrate 
provided with a transparent doiWe-layer film constituted of a transparent electro-conductive layer contaHiing the ncUe- 
mete^-coated fine silver particles and fine ITO particles and a transparent coat layer formed of a silicate film conposed 
chiefly of silicon oxide, i.e., a transparent electn^nnductive stmcture accorefng to ExaiTV>le 1 1 was obtained 
lOOBTl Rim characteristics examined on the transparent double-layer film (brmed on the glass substrate are shown in 
Table 1 below. The reflection profile of the transparent electroKnnductive structure according to Exanole 1 1 is shown 
in Rg. 17. and its transmission proffle in Fig. 18. 

Comparative Example 1 

[0098] Using a colloidal dispersion of fine silver particles which was made up in the same manner as in Example 1 
the procedure of E;ample 1 was repeated except that the fine silver particles were not coated with gold to obtain a 
trans^rent electro-conductive layer forming coaling fluid in which fine silver particles having an average particle diam- 
eter of 6.9 nm were dispersed (Ag: 0.3%; water: 4.0%; EA: 90.7%; DAA: 5.0%). Thus, a glass substrate provided with 
a transparent double-layer film constituted of a transparent electro-conductive layer containing the fine silver particles 
and a transparent coat layer formed of a silicate film composed chiefly of silicon oxide, i.e.. a transparent electro-con- 
ducbve structure according to Comparative Example 1 was obtained. 

B»099] Rim characteristics examined on the transparent double-layer film fonned on the glass substrate are shown in 
Table 1 below. The reflection proffle of the transparent eleclro-conductive structure accoiding to Conparative Example 
1 1S shown in Figs. 1 and 11, and its transmissfon profile in Rgs. 2 and 12. 

fHoarative Example 2 



W100] A transparent electro-conductive layer forming coating fluid prepared by dispersing in a solvent fine ITO parti- 
cles havrng an average particle diameter of 30 nm (available from Sumitomo Metal Mining Ca. Ltd.; trade name- SDA- 
l^.l!]?'' "^^^ spin-coated (150 rpm, for 60 seconds) on a glass substrate (soda-lime glass of 3 mm thicW heated 
to AOy. and thereafter subsequently a silica so! diluted so as to have SiOg (silicon oxide) solid content in a concentra- 
tion of 1.0% was spin-coated thereon (150 rpm, for 60 seconds), followed by hardening at 180«C for 30 minutes to 
obtain a glass substrate provided with a transparent double-layer film constituted of a transparent electro-conductive 
layer containing the fine ITO particles and a transparent coat layer formed of a silicate film composed chiefly of silicon 
Qwde. i.e., a transparent electro-conductive structure according to Comparative Example 2. 

[0101 ] Rim characteristics examined on the transparent double-layer film formed on the glass substrate are shown in 
Table 1 below. The reflection profile of the transparent electro-conductive structure according to Corrparative Exan»le 
2 IS shown in Figs. 1 and 11. ^ 
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Table 1 



5 




Type of fine 
particles 


Noble metal 
coating weight 


Surface resist- 
ance 


Visible light ray 
transmit tance 


*^ Transmit- 
tance standard 
deviation 


Haze 


Bottom reflect- 
ance/bottom 
wavelengtti 








(pbw) 


(O/n) 


(%) 




(%) 


(%/nm) 




Example: 


10 


1 


Ag-Au 


26.0 


490 


72.7 


3.29 


0 


0.1/515 




2 


Ag-Au 


35.6 


390 


69.4 


2.00 


0.1 


0.05/495 




3 


Ag-Au 


11.7 


395 


72.5 


2.72 


0.1 


0.08/505 


IS 


4 


Ag-Au 


10.2 


473 


73.1 


4.89 


0 


0.08/510 




5 


Ag-Au + ITO 


16,7 


456 


74.8 


3.01 


0.4 


0.46/540 




6 


Ag-Au + ATO 


16.6 


534 


74.2 


3.04 


0.2 


0.61/530 




7 


Ag-Au 


17.9 


313 


71.2 


2.40 


0 


0.02/465 


20 


8 


Ag-R 


10.2 


658 


71.6 


2.31 


0 


0.07/525 




9 


Ag-Au-Pt 


19.2 


553 


70.4 


2.48 


0.1 


0.08/510 




10 


Ag-Pt 


10.4 


728 


70.0 


2.35. 


0.1 


0.07/525 


25 


11 


Ag-Pt + ITO 


10.4 


457 


69.7 


1.75 


0.4 


0.15/570 




Comparative Example: 




1 


Ag 




980 


70.9 


6.67 


0.1 


0.23/485 


30 


2 


no 




16.000 


93.3 


m 


0.2 


0.83/540 pbw: 
parts by 
weight 



*1 : Coating weight of the gold or platinum alone or composite of gold and platinum (noble metal) based on 1 00 parts t>y weight 
of silver. 

*2: Value wHlh respect to the transmittance (%) of only the transparent double- layer fiim, excluding the transparent substrate, 
at each wavelength plotted at imervals of 5 nm of wavelength region (380 to 780 nm) of v^tole light rays. 



- Weatherability Test - 

40 [0102] The transparent electro-conductive structures according to Examples 1 to 1 1 and the transparent electro-con- 
ductive structure according to Comparative Example 1 were immersed in 5% brine to examine any changes of the sur- 
face resistance and film appearance of the transparent double-layer film provided on the transparent substrate (glass 
substrate) of each structure. The results are shown in Table 2 below. 



so 



ss 



15 



EP 0 911 859 A1 



Table 2 



Surface resistance 



Initial value 



Example: 
T 



8 



10 



11 



(n/b) 



490 



390 



395 



473 



456 



534 



313 



658 



553 



728 



457 



Comparative Example: 



Value after immersion in 5% brine 



No change in surface resistance on immer- 
sion for 24 hr. 

No change in surface resistance on immer- 
sion for 24 hr. 

No change in surface resistance on immer- 
sion for 3 hr. Surface resistance changed to 
3. 1 kO/D on immersion for 24 hr. 

No change in surface resistance on immer- 
sion for 3 hr. Surface resistance changed to 
620 O/D on immersion for 24 hr. 

No change in surface resistance on immer- 
sion for 24 hr. 

No change in surface resistance on immer- 
sion for 24 hr. 

No change in surface resistance on immer- 
sion for 24 hr. 

No change in surface resistance on infimer- 
sion for 6 hr. Surface resistance changed to 
755 O/b on immersion for 24 hr. 

No change in surface resistance on immer- 
sion for 24 hr. 

No change in surface resistance on immer- 
sion for 6 hr. Surface resisfcarx^e changed to 
1 ,031 O/n on immersion lor 24 hr. 

No change in surface resistance on immer- 
sion for 24 hr. 



Appearance of double-layer film (transmit- 
tance, haze, reflection) 



No changes in transmittance, haze and 
reflection profile on immersion for 24 hr. 

No changes in transmittance, haze and 
reflectfon profDe on immersion for 24 hr. 

No changes in transmittance, haze and 
reflectfon profile on immersion for 1 hr. A 
slight change in reflection color on immersion 
for 24 hr. 

No changes in transmittance, haze and 
reflectfon profSe on immersfon for 1 hr. A 
slight change in reflection color on immersion 
for 24 hr. 

No changes in transmittance, haze and 
reflection profDe on immersfon for 24 hr. 

No changes in transmittance. haze arxi 
reflection profile on immersfon for 24 hr. 

No changes in transmittance, haze and 
reflection profile on immersion for 24 hr. 

No dianges in transmittance, haze and 
reflection profile on immersion for 6 hr. A 
slight change in reflection color on immersion 
for 24 hr. 

No changes in transmittance. haze and 
reflection profile on immersion for 24 hr. 

No changes In transmittance, haze and 
reflectfon profile on immersfon for 6 hr. A 
slight change in reflection color on immersion 
for 24 hr. 

No changes in transmittance. haze and 
reflection profle on immersfon for 24 hr. 



1 



980 



Surfece resistance changed to >1 ,000,000 
n/b on immersion fori 5 min to become 
unmeasurable. 



Haze increased on Immersion for 30 min. 
Transparent double-layer film peeled partly 
on immersion for 10 hr. 



Evaluation - 



[0103] 



(1) As can be seen from the results shown in Table 1 , the values of surface resistance (n/n) and standard deviation 
of transmittance of the transparent double-layer film according to each Example are confirmed to have been greatly 
improved, compared with the values of the transparent double-layer film according to each Cfonparative Exanple. 
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As also can be seen from the comparison of the transmission profiles of the transparent electro-conductive struc- 
tures according to Examples 1 and 8 with the transmission profiles of the transparent electro-conductive structure 
according to Comparative Example 1 as shown In Figs. 2 and 12. very flat transmission profiles are confirmed to 
be attained in the transparent electro-conductive structures of Examples 1 and 8. 
5 As can be seen from the reflection profiles shown in Figs. 1 and 11 , the transparent electro-conductive struc- 

tures of Examples 1 and 8 are also confirmed to be improved also in reflection characteristics in the visible light ray 
wavelength region, compared with those of Comparative Examples 1 and 2. ^ 

(2) As can be seen from the results shown in Tatile 2, the transparent doutjle-layer f Om according to each Example 
is confirmed to be greatly improved in weatherability, compared with the transparent double-layer film of Compara- 

10 five Exannpie 1 . 

(3) As can be confirmed from Table 1 , In comparison of the visible light ray transmittance of the transparent electro- 
conductive structures according to Examples 1 to 7, in which the not)le-metat-coated fine silver particles coated 
with gold alone are used, the visible light ray transmittance of Examples 5 and 6. incorporated with ITO and ATO. 
respectively, shows higher values than that of other Examples. 

IS On the other hand, as can be confirmed from Table 1 , in comparison of the surface resistance of the transpar- 

ent electro-conductive structures according to Examples 8 to 1 1 , in which the notjle-metal-coaled fine silver parti- 
cles coaled with gold or platinum alone or composite of gold and platinum are used, Example 1 1 . incorporated with 
ITO. shows the smallest value and also, in respect of the visible light ray transmittance. these Examples shew sub- 
stantially the same values. That is. this indicates that in Example 1 1 the transparent electro-conductive layer can 

20 be made to have a higher visible light ray transmittance than that in Examples 8 to 10 when the transparent electro- 
conchjctive layer is made to have a thickness set smaller so as to have substantially the same surtoce resistance 
as that in Examples 8 to 10. 

From these facts, it is confirmed that an improvement of film transmittance in the transparent electro-conduc- 
tive layer can be achieved when the conductive fine oxide particles of ITO or ATO are incorporated in the transpar- 

25 ent electro-conductive layer. 

(4) In Examples 1 to 1 1 , the noble-metal-coated fine silver particles are made using potassium aurate and potas- 
sium platinate as the aurate and platinate. respectively. In place of these potassium aurate and potassium platinate. 
experiments have also been made using sodium aurate and sodium platinate. 

[0104] The same evaluation tests as in Examples 1 to 1 1 have been made also in respect of noWe-metal-coated fine 
silver particles obtained using the sodium aurate and sodium platinate, and the same evaluation results as those have 
been confirmed to be obtainable. 

[0105] A transparent electro-conductive structure comprising a transparent substrate and formed successively ther- 
eon a transparent electro-conductive layer and a transparent coat layer, which is used in. e.g., front panels of display 
devices such as CRTs. The transparent electro-conductive layer is composed chiefly of i) noble-metal-coated fine silver 
particles having an average particle diameter of from 1 nm to 1 00 nm, the fine silver particles being surface-coated with 
gold or platinum alone or a composite of gold and platinum, and if) a binder matrix. 

[01 06] A transparent electro-conductive layer forming coating fluid used in the production of this transparent conduc- 
tive structure comprises a solvent and noble-metal-coated fine silver particles dispersed in the solvent and having an 
average particle diameter of from 1 nm to 100 nm. the fine silver particles being surface-coated with gold or platinum 
alone or a composite of gold and platinum. 

Claims 

45 1. A transparent electro-conductive structure comprising a transparent sut)strate and formed successively thereon a 
transparent electro-conductive layer and a transparent coat layer, wherein; 

said transparent electro-conductive layer is composed chieliy of i) noble-metal-coated fine silver particles hav- 
ing an average particle diameter of from 1 nm to 1 00 nm, the fine silver particles being surfece-coated with gold 
so or platinum alone or a composite of gold and platinum, and ii) a binder matrix^ 

2. The transparent electro-conductive structure according to claim 1. wherein, In said noble-metal-coated fine silver 
particles, the gold or platinum alone or connposite of gold and platinum is in a coating weight set within the range 
of from 5 parts by weight to 100 parts by weight based on 100 parts by weight of silver. 

55 

3. The transparent electro-conductive structure according to daim 1 , wherein conductive fine oxide particles are con- 
tained in said transparent electro-conductive layer. 
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4. The transparent electro-conductive structure according to claim 3. wherein said conductive fine oxide particles are 
tine particles of a material selected from the group consisting of tin cxide. antimony tin oxide and indium tin oxide. 

5. The transparent electo-o-conductive structure according to daim 1 , wherein said binder mati-ix of the ti^ansparertt 
electro-conductive layer and said tiangparent coat layer are each composed chiefly of silicon oxide. 

6. The transparent electro-conductive structure according to any one of claims 1 to 5, wherein said transparent elec- 
tro-conductive layer has a surface resistance of from 1 0 ohm per square to 3,000 ohm per square, and has a stand- 
ard deviation of transmittance of from 0% to 5% in only a tiansparent dout)le-layer film constituted of the 
transparent electro^nductive layer and the transparent coat layer, excluding the tiansparent substrate, at each 
wavelength plotted at intervals of 5 nm of a wavelength region of from 380 nm to 780 nm of visible light rays. 

7. A process for producing a transparent elertro-conductive structure having a transparent substrate and formed suc- 
cessively thereon a transparent electro-conductive layer and a transparent coat layer; the process comDrisina ttie 
steps of; w 

coating on a transparent substrate a fransparent elertro-conductive layer forming coating fluid conprising a 
solvent and noble-metal-coated fine silver particles dispersed in the solvent and having an average particle 
dameter of from 1 nm to 100 nm, the fine silver particles being surfece-coated wHh gold or platinum alone or 
a composite of gold and platinum; and 

coating a tiansparent coat layer forming coating fluid on the ti^ansparent elecb-o-conductive layer tiius formed 
followed by heating. 

8. The process for producing a transparent electi-o-conductive structure according to daim 7, wherein, in said noWe- 
metal-coated fine silver partides. tiie gold or platinum alone or composite of gold and platinum is in a coating 
weight set within the range of from 5 parts by weight to 100 parts by weight based on 1 00 parts by weight of silver. 

9. The proc^ for produdng a transparent electro-conductive structure according to claim 7, wherein conductive fine 
oxide partides are contained in said ti-ansparent electro-conductive layer forming coating fluid. 



1 0. The process for producing a transparent electro-conductive structure according to daim 9. wherein said conductive 
fine oxide partides are fine particles of a material selected from tiie group consisting of tin oxide, antimony tin oxide 
arKi indium tin oxide. 



11. The process for producing a transparent elertro-conductive sto-ucture according to daim 7 or 9. wherein an inor- 
ganic binder constituting a binder matirbc of tiie transparent electro-conductive layer is contained in said transparent 
electro-conductive layer forming coating fluid. 

12. The process for produdng a ti-ansparent electro-conductive sti-ucture according to claim 7. wherein said tianspar- 
ent coat layer forming coating fluid is composed chicly of a silica sd. 

13. A ti-ansparent electro-conductive layer forming coating fluid used in tiie production of a tiansparent electro-conduc- 
tive stiucture having a transparent substrate and formed successively thereon a transparent electro-conductive 
layer and a transparent coat layer; 

said coating fluid conprising a solvent and noUe-metal-coated fine silver partides disperaed in ttie solvent and 
having an average partide diameter of from 1 nm to 1 00 nm. ttie fine silver partides being surfeiceK»ated with 
gold or platinum alone or a composite of gold and platinum. 

14. The The ti-ansparent elecfro-conductive layer forming coating fluid aocorcfing to claim 13. wherein, in said noble- 
metal-coated fine silver partides. the gold or platinum alone or composite of gdd and platinum is in a coating 
weight set wittiin tiie range of from 5 parts by weight to 1 00 parts by weight based on 1 00 parts by weight of silver. 

15. The ti-ansparent electro-conductive layer forming coating fluid according to daim 13. which furttier comprises con- 
ductive fine oxide partides. 

16. The tiansparent elech-o-conductive layer forming coating fluid according to daim 15, wherein said conductive fine 
oxide partides are fine partides of a material selected from ttie group consisting of tin oxide, antimony tin oxide and 
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indium tin oxide. 

17. The transparent electro-conductive layer forming coating fluid according to claim 13 or 15. which further comprises 
an inorganic binder 

5 

18. A process for preparing a transparent electro-conductive layer forming coating fluid used in the production of a 
transparent electro-conductive structure having a transparent substrate and formed successively thereon a trans- 
parent electro-conductive layer and a transparent coat layer; the process conprising; 

10 a noble-metal-coated fine silver particle making step of adding to a colloidal dispersion of fine silver particles i) 

a reducing agent and at least one of an alkali metal aurate solution and an alkali metal platinate solution or ii) 
a reducing agent and a solution of mixture of an alkali metal aurate and an alkali metal platinate, to coat gold 
or platinum alone or a composite of gotel and platinum on the surfaces of the fine silver particles to obtain a 
colloidal dispersion of nok)le-metal-coated fine silver particles; 

IS a desalting and concentrating step of subjecting the colloidal dispersion of noble-metal-coated fine silver par- 

ticles to desalting treatment to lower its electrolyte concentration and to concentrating treatment to concentrate 
the colloidal dispersion, to obtain a concentrated dispersion of notple-metal-coated fine silver particles; and 
a solvent mixing step of adding to the concentrated dispersion of noble-metal-coated fine silver particles a sol- 
vent atone or a solvent contairting at least one of conductive fine oxide particles and an inorganic binder, to 

20 obtain the transparent electro-conductive layer forming coating fluid. 

19. The process for preparing a transparent electro-conductive layer forming coating fluid according to daim 18, 
wherein the reducing agent used in said not}le-metal-coated fine stiver particle making step is hydrazine. 

25 20. A process for preparing a transparent electro-conductive layer forming coating fluid used in the production of a 
transparent ^ectro-conductive structure having a transparent substrate and formed successively thereon a trans- 
parent electro-conductive layer and a transparent coat layer; the process comprising; 

a not}le-meta!-coated fine silver particle making step of adding to a colloidal dispersion of fine silver particles i) 
30 at least one of an alkali metal aurate solution and an alkali metal platinate solution or ii) a solution of mixture of 

an alkali metal aurate and an alkali metal platinate. to coat gold or platinum alone or a composite of gold and 
platinum on the surfaces of the fine silver particles by the aid of displacement reaction caused by a difference 
in ionizatk>n tendency between silver, gold and platinum, to obtain a colloidal dispersion of noble-metal-coated 
fine silver particles; 

3S a desalting and concentrating step of subjecting the colloidal dispersion of noble-metal-coated fine silver par- 

ticles to desalting treatment to lower its electrolyte concentration and to concentrating treatment to concentrate 
the colloidal dispersion, to obtain a concentrated dispersion of noble-metal -coated fine silver particles; and 
a solvent mixing step of adding to the concentrated dispersion of noWe-metal -coated fine silver particles a sol- 
vent alone or a solvent containing at least one of conductive fine oxide particles and an inorganic birxjer, to 

40 obtain the transparent electro-conductive layer forming coating fluid. 

21. The process for preparing a transparent electro-conductive layer forming coating fluid according to any one of 
claims 18 to 20, wherein the alkali metal aurate and alkali metal platinate used in saki noble-metal-coated fine silver 
particle making step are potassium aurate or sodium aurate. and potassium platinate or sodium platinate, respec- 

45 tively. 

22. The process for preparing a transparent electro-conductive layer forming coating fluid according to any one of 
claims 18 to 21 , wherein, in said noble-metal-coated fine silver particle making step, the colloidal dispersion of fine 
silver particles and at least one of the alkali metal aurate solution and the alkali metal platinate solution or the solu- 

50 tion of mixture of an alkali metal aurate and an alkali metal platinate are mixed in a proportion so controlled that, in 
the noble-metal-coated fine silver particles, the gold or platinum alone or composite of gold and platinum is in a 
coating weight set within the range of from 5 parts by weight to 100 parts by weight based on 100 parts by weight 
of silver. 

55 
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FIG.3 
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FIG. 5 
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FIG. 7 
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FIG. 9 



8 




300 400 500 600 700 800 900 

WAVELENGTfi Cnn) 



100 



FIG. 10 




300 400 500 600 700 800 900 

fAVELQiGTB Cnm) 



24 



EP0911 859 A1 



FIG. 11 
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